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Feeding experiments
- Circadian feeding behavior was assayed using the Fly Liquid-
food Interaction Counter (FLIC) [4]. Male flies were reared for a 
minimum of 3 days in light and temperature controlled
environments to synchronize rhythms. 
Data Analysis 
- Feeding data from days 2-7 were binned into 30 minute
intervals and analyzed using ClockLab software to measure 
period and strength (power) of feeding rhythms. 
- Group data were analyzed using one way ANOVA.
Immunohistochemical Staining
- Male fly abdomens were dissected in PBST and fixed with 4% 
paraformaldehyde. Dissected fat bodies were blocked in 
normal donkey serum and incubated overnight in primary 
antibodies (GP anti-PER), then incubated overnight in 
secondary antibodies (DAGP-cy3).
Figure 1. Fly 
Liquid-food 
Interaction 
Counter (FLIC) 
design and 
example of a 
feeding event. 
Adapted from 
[4,5]
The circadian system produces ~24-hr rhythms and consists 
of three major components: a central molecular clock in the 
brain that keeps time, input pathways that allow organisms 
to stay synchronized with changes in their environment, and 
output pathways that couple the clock to various behavioral 
and physiological processes such as locomotion [1]. Recent 
studies have demonstrated circadian control of feeding 
independent of locomotor activity [2], but the neuronal 
circuitry governing feeding rhythms is not understood. In 
addition to the central brain clock, circadian clocks are 
present in many peripheral tissues, such as the Drosophila 
melanogaster fat body, which is homologous to the 
mammalian liver and regulates metabolism [3]. Here, we 
investigated the feeding behavior of transgenic flies in which 
we eliminated or changed the speed of the brain or fat body 
clock to identify the contributions of central and peripheral 
circadian clocks to feeding rhythms. We additionally 
conducted immunohistochemical analysis to confirm 
molecular clock speed alterations in these flies.
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Figure 5. Antibody staining of fat body (A) and s-LNds in the brain (B). In the fat body, To> DBT(L) or Pdf>DBT(L)  showed no significant difference 
in PER oscillation over 24 hrs with respect to control flies (C). In the brain, however, PER oscillation was delayed in Pdf> DBT(L) flies (D), 
demonstrating successful manipulation of clock speed in the central molecular clock. 
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Figure 3. Rhythm strength of core clock (Pdf>) and peripheral clock (To>) 
manipulations. Flies with Non-functional (CycDN) core clocks showed reduced 
feeding rhythm strength. Eliminating the functionality of the peripheral fat body 
clock had no effect on rhythm strength. Bars indicate the mean and 95% 
confidence interval, *p<0.05, ****p<0.0001
Figure 4. Period length of clock 
speed manipulation lines. 
Slowing down (DBT(L)) or 
speeding up (SGG(hypo)) the 
core clock (PDF>) impacted 
period length, while altering 
the speed of the fat body 
peripheral clock (To>) did not 
impact feeding rhythmicity. 
Bars indicate the mean and 
95% confidence interval,
****p<0.0001
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1. Core brain clock manipulations, and not fat body 
peripheral clock manipulations, altered the power 
and period of feeding 
2. The fat body tissue showed no consistent cycling of 
PER in constant dark conditions
Results
- The brain functions as the chief orchestrator of feeding 
rhythms
- The lack of response in fat body peripheral clocks 
suggests that the molecular clock is not maintained in 
dark conditions and and manipulating the fat body clock 
doesn’t alter feeding rhythms in DD
Conclusions
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Figure 2. PER protein oscillation in the fat 
body tissue of wild type flies. (A) By analyzing 
PER expression at eight different time points 
over 24 hours, we confirmed PERIOD cycling 
and the presence of the molecular clock in the 
fat body tissue. (B) Antibody staining of the fat 
body at ZT0 (highest PER intensity) and ZT12 
(lowest PER intensity).
